The main goal of this work was the assessment of measurable interactions induced by focused intention, frequently used in biofield practices such as Healing Touch and Reiki. Water, as the main component of the human body, was chosen as a model. Intention experiments were performed over 4 different days at a scheduled interval, during which 286 trained biofield practitioners from several countries were instructed to meditate with the intention to change the molecular vibrational state of water samples selected by a blinded operator. The experimental protocol was randomized, blinded, and controlled; the measured variables included Raman spectra and the pH and electrical conductance of the water, as well as the magnetic field and UV-VIS (ultravioletvisible) radiation near the experimental spot. Although a direct causal relationship cannot be established, some measurements of the water samples, as well as the magnetic field and radiation near the experimental spot, were responsive during the experimental period.
transpersonal realities, transcendental or spiritual experiences, 18, 35 defying mainstream scientific concepts. 36, 37 Nevertheless, the first approach while studying these phenomena is often the correlation with physical aspects such as light, electricity, heat, sound, and magnetism, and for that, researchers have been using a wide variety of instruments and methods, including magnetometers, voltmeters, photometers, gamma radiation counters, sound equipment, and gas discharge visualization, among others. 5, 9, 27, 28 Indeed, the use of proper and reliable instrumentation is a key factor to both document the phenomena and potentially to calibrate biofield practitioners. This represents a challenge in research given that the involved mechanisms remain unknown and the ability to trigger these effects could be a natural skill or the result of continuous practice.
Within this field of study, intention, which could be defined as a directed thought to elicit a certain response, 38 seems to play an important role in the process. 39 Although the biophysics of intention are still under debate, research has shown that an intended thought appears to be able to generate physical effects over inanimate objects and living things, from unicellular organisms to human beings. 37, 38, [40] [41] [42] [43] The nonlocality feature of this phenomenon is often associated with the concept of entanglement 37, 42, 44, 45 and aspects of consciousness and quantum physics in which mental processes are referred to as a triggering element. 42, 46, 47 In the case of distant healing, the healer who directs his/her thought or intent to the patient comprises a single system even while physically separated. Thus, the concept of entanglement is used to describe a connection between 2 elements that exist even though separated across space. 48 This phenomenon has obvious implications and requires not only clinical and preclinical studies in humans but also proper research with objective models exempt from expectation, belief, and psychosocial factors, such as models using animals, plants, biomolecules, tissue samples, and cell cultures. 49 Accordingly, water, as the main component of the human body, stands as an obvious choice not only to avoid the aforementioned interactions but also to generate hypotheses to explicate the subsequent effects and relationships within complex biological systems. Water has been used as a model in several studies with outcomes that suggest some of its properties, such as the cooling rate, the molecular bonding as reflected by changes in the infrared spectra, the vibrational state as measured by Raman spectroscopy, scattered laser light, and the pH level, may be affected by intention. 30, 38, 40, 43, [50] [51] [52] [53] Given these arguments, the question of whether the mind may or may not influence matter is of relevance, especially within a dialogue of conflicting cultural, religious, and scientific concepts. Therefore, based on the available literature, we established a rigorous experimental protocol and used several instrumental methods able to detect changes in the physical properties of water. The main goal of this work was the assessment of measurable interactions hypothetically induced by focused intention, frequently used in practices such as Healing Touch and Reiki.
Materials and Methods

Study Design
The experimental protocol, schematically represented in Figure 1 , used a randomized, blinded, and controlled design. Experiments were conducted over 4 consecutive days, from September 8 to 11, 2015, (experimental day 1 [ED1] to ED4). The source of the intentional meditation was 286 trained practitioners affiliated with 2 nonprofit organizations: Healing Touch International (dba Healing Beyond Borders) and the Portuguese Association of Reiki. Members of these organizations were invited to participate in the study via email. Potential participants used a Google form to provide limited information (email address, level of training, city, country) to maintain anonymity. None of the participants were aware of the experimental measures used to collect data.
The sample of participants included 254 Healing Touch students, practitioners, and instructors with an average level of expertise of 7.2 years of practice (SD 7.1 years, median 5 years with a range of 0.25 to 40 years of practice) who were located in several countries according to the following distribution: the United States ¼ 223; Canada ¼ 24; Australia ¼ 3; Peru ¼ 3; and the Netherlands ¼ 3. The 32 Reiki practitioners with an average level of expertise of 8.4 years of practice (SD 5.7 years, median 7 years with a range of 3 to 23 years of practice) were located in Portugal, from North to South of the country. Twelve of the Reiki practitioners held the level of Shinpiden (master or third level) and 20 the level of Okuden (second level), from the systems Usui Reiki Ryoho, Traditional Tibetan, and Essential.
Two independent experimental operators (operators 1 and 2), blinded to the study and without any knowledge of and connection to these biofield practices were instructed and trained to perform all required laboratory assessments systematically. An educational pilot plant laboratory (Lab1) located in the Department of Chemical Engineering of the Faculty of Engineering at the University of Porto was used during the experimental period. The laboratory was closed, kept in twilight without artificial light, and prohibited from any additional activity during the experiments. This laboratory was chosen because of the dimensions (7 m height, 7 m depth, 20 m length), which allowed for maintaining an average constant temperature of 24 C. Operator 1 (OP1) was the only person allowed to enter the laboratory to dispose of and collect the water samples after each experiment.
Commercial purified water was used and stored in a different laboratory in the same building. Each day, around 12:00 hours GMT, OP1 took the main water reservoir and entered Lab1 to fill the singleuse 60 mL sterilized flasks (brand Deltalab). A total of 30 flasks were prepared: 10 of these were marked with the letter "A," 10 with "B," and 10 with "C." Randomly, OP1 chose one of the characters as the control and placed the respective flasks 15 meters away from the experimental spot within the same laboratory. The other 20 flasks were randomly arranged on the experimental spot, and again, OP1 chose one of the characters to face forward (corresponding to the flasks with the target samples) and the other to face backward (corresponding to the flasks around the target); the random choice of characters is shown in Table 1 . Flasks placed around the target samples were used to verify whether the intention was selective. All experimental design conditions were kept constant as the laboratory bench was marked with specific locations for the flasks and the measurement instrumentation. A photograph of the 20 experimental flasks was taken and a pH electrode connected to a data acquisition system, which saved data with a frequency of 1 data point every 5 seconds, was vertically inserted into one of the flasks with the character facing forward. A magnetic field sensor and a spectrometer were installed near the experimental spot and configured for continuous acquisition of the magnetic field strength and radiation in the range of 175 to 954 nm. Following this procedure, OP1 exited and closed Lab1, and around 12:20 hours GMT sent the photograph of the flasks with the target identified to the main researcher.
The photograph was published using a Google document that was made available online at 12:30 hours GMT on the day of the experiment; a link to the document was emailed to all 286 practitioners enrolled in this study. Below the photograph, a defined intention was included:
To change the vibrational state of the water molecules contained in the flasks marked with the character . . . placed in the lab . . . , FEUP, Portugal.
The concept described (ie, "to change the vibrational state of the water molecules") was understood among the practitioners as the action of "energizing the water," for example, by allowing the imagination of molecular movement or structure dynamics. Although the identification of the target was available at 12:30 hours GMT, the practitioners were instructed to meditate during a defined "intention window" set between 13:00 and 14:00 hours GMT. Each of the Healing Touch participants meditated for 10 minutes per day during the intention window, while the Reiki practitioners were free to meditate for the time they felt reasonable. To find the average meditation time, Reiki practitioners were instructed to register the time spent in meditation; a mean meditation time of 15 minutes was achieved, with a minimum of 2 minutes and a maximum of 45 minutes.
At 14:00 hours GMT, OP1 entered Lab1 to collect the flasks with the water and placed these in a box that was immediately delivered to operator 2 (OP2). OP2 transported the water samples by car between the Faculty of Engineering (FEUP) and the Raman laboratory located at the Institute of Material Physics in the Department of Physics and Astronomy of the Faculty of Sciences (approximately a 30-minute drive). OP2 performed Raman spectroscopy, pH, and electrical conductance measurements. The following day, the samples were transported back to FEUP to perform pH and electrical conductance countermeasures. The described protocol was repeated each day of the experimental period, and the collected data were delivered to the main researcher at the end of the study.
In addition to the measurements made from September 8 to 11, 2015, magnetic field strength and radiation, as well as real-time pH measurements, were taken on control days. On those days the laboratory conditions, the experimental spot arrangement, procedures, and timings were kept the same, differing only in the absence of intention between 13:00 and 14:00 hours GMT.
Instrumentation and Data Collection
Variables such as magnetic field strength, ultraviolet and visible radiation (UV-VIS wavelength range-175 to 954 nm), and real-time pH of the target water samples were measured by equipment set to continuous acquisition during the experimental period each day. Magnetic field strength was measured in the 0.32 mT range with a resolution of 0.0002 mT with a Vernier Magnetic Field Sensor using a Hall-effect transducer connected to a Vernier LabPro interface. Data were collected using the Logger Pro 3.8.4 software. A ScanSpec UV-VIS spectrometer from Sarspec, equipped with a Sony ILX511 linear charge-coupled device (CCD) array 2048 pixels and with an entrance aperture of 50 mm, was used to measure the radiation spectra between 175 and 954 nm. Real-time pH was measured using a JUMO ecoLine glass pH electrode, with a ceramic diaphragm in the glass shaft, connected to a Hanna Instruments 209 pH meter equipped with a proportional DC analog output. The signal was collected by a NI DAQ card USB-6008 with 12-bit resolution and analyzed with a virtual interface programed in LabVIEW 8.2 from National Instruments.
Momentary measurements of pH and electrical conductance were performed for each sample with a HI8424 pH meter from Hanna Instruments equipped with a HI1230 electrode and with a GLP31 Conductimeter from Crison equipped with a 5293 conductivity cell. Countermeasures were performed with a Hanna Instruments 209 pH meter coupled to a glass membrane electrode and with a RE 388 TX conductimeter from EDT Instruments equipped with a glass dip cell. The equipment used for countermeasures was checked daily for calibration using standard buffers. Unpolarized Raman spectra were obtained at room temperature, with a spectral slit width better than 1.5 cm À1 in the 1300 to 3900 cm À1 spectral range. The excitation was ensured by a 514 nm line of an argon laser with a power of 1.6 W. The conditions were kept constant for all scattering measurements. The scattered light was analyzed by a T64000 Jobin-Yvon triple spectrometer operating in triple subtractive mode and equipped with a liquid nitrogen cooled CCD. Data were collected and analyzed using LabSpec5 software.
Statistical Analysis
Pearson's correlation analyses and t tests for independent samples were performed with Statistica for Windows release 7.0 to detect the relationships between variables and to evaluate the statistical significance of the observed differences.
Results and Discussion
Changes in the magnetic field strength and radiation measured near the experimental spot were detected and found to coincide with the activities during the experimental period. The magnetic field strength profiles for each experimental day, as well the day before the beginning of the study, are shown in Figure 2 . Mean values per day, from 7 to 28 September, were calculated and are plotted in Figure 3 .
An increase in the magnetic field strength was observed immediately after the first day. Specifically, on 7 September (CD0), the day before the first experimental day, the mean value was 0.0336 + 0.0004 mT; the value increased to a maximum of 0.03644 + 0.0005 mT on 9 September, followed by a slight decrease and remained constant until 15 September. The second part of this study was conducted under specific conditions between 15 and 24 September (data not shown). This gap of time and data are represented by the intermittent vertical lines in Figure 3 . From 24 September, the magnetic field strength decreased to 0.0338 + 0.0003 mT. With the beginning of educational activities in the laboratory, the experimental conditions were compromised and no further measurements were possible. Nonetheless, from 30 October to 6 November, during a period of inactivity, we performed new measurements and found a mean magnetic field strength of 0.0339 + 0.0005 mT, similar to the values obtained at the beginning of the study.
During the experimental activities, none of the 286 practitioners were in the vicinity of the laboratory. Additionally, none of them knew that magnetic field strength would be one of the studied variables. Because the magnetometer and probe were kept in the same position during all experiments and no inductive equipment was working nearby, we cannot point to a clear explanation for these kind of changes and correlations.
According to William A. Tiller, Professor Emeritus from the Department of Material Sciences and Engineering at the University of Stanford, a laboratory space can became changed or "conditioned" when submitted to a continuous intentional stimulus. Tiller and his colleagues claim that the fundamental symmetry state of the space can be altered by activating the indwelling-consciousness of that space to a higher level of physical reality, thus changing the electromagnetic gauge symmetry state of the experimental space, which in turn allows human intention to change the properties of materials significantly. 45, 50, [54] [55] [56] [57] [58] Obviously this explanation is based on a paradigm-challenging model. In the present experiment, we observed a change in the magnetic field strength that followed a pattern and points to a hypothetical conditioning of the laboratory; however, we do not have causal data to support this argument.
To collect the maximum information possible, a spectrometer was used to measure the spectra between 175 and 954 nm. This piece of equipment was located 10 cm away and pointing toward the experimental spot where the target water samples were placed. The spectra were collected between 11:00 and 16:00 hours GMT with a frequency of 1 spectrum every 2 minutes. To evaluate any spectral changes during the experiments, 2 critical moments were considered: between 12:25 and 12:35 hours GMT when the photographs of the waters samples were available online, and between 12:55 and 13:05 hours GMT when the "intention window" began. Measurements were taken both during control and experimental days, and the mean values and dispersion of each critical moment were calculated (Table 2 ). Figure 4 shows the mean spectra and dispersion of 2 control days (CD1 and CD2) and 2 experimental days (ED1 and ED4). This analysis allowed for the evaluation of the light-scattering properties around the experimental spot. We found a higher frequency of spectral changes with an increase in intensity during both critical moments on the experimental days. Specifically, this variability was more expressive during the critical moment set between 12:55 and 13:05 hours GMT, when the "intention window" began and during which all practitioners were instructed to meditate with the established intention.
This behavior is easily observed in the wavelength interval 375 to 575 nm during the second critical moment by comparing the mean and maximum dispersion values between both experimental and control days. Again, because the experimental conditions were kept constant, we do not have a plausible explanation for the changes outside of a hypothetical interference of the equipment or a specific higher instability of the overall light-scattering effects located around the experimental spot.
The sensitivity of pH to intention has been reported by other authors. 45, 50, [54] [55] [56] [57] We used a real-time data acquisition system that was tested for sensitivity and stability during long periods and, therefore, able to detect any eventual changes during the course of the experiments. We found that the instability mentioned above and the relationship with both critical moments was also noticed using real-time pH measurements. Figure 5 shows the pH profiles on 3 experimental days (ED1-data not shown). On ED2, the pH remained stable until 13:00 GMT; from this point on, we noticed an increase followed by shifts in the tendency, reaching a higher value around 14:00 GMT. Similar results were observed on the other days. After 12:30 GMT, we detected a slight variability in all profiles that was evident on ED4. It should be mentioned that all the involved practitioners were instructed to meditate during the "intention window," as this was set as a premise during the enrollment process. Nevertheless, because the practitioners were able to see the target at 12:30 GMT, we cannot guarantee that some may have started the intention earlier.
Both pH and electrical conductance measurements were performed before Raman spectroscopy. The measurements were made under adequate stirring conditions and automatic temperature compensation. Under normal conditions, a stable pH value should be obtained when the equilibrium electrochemical potential is achieved by the electrolyte-electrode system. In our work, OP2 reported difficulties during pH measurements, with statements such as: "I didn't understand why but in some samples the pH shoots to high values and then decreased. . . . I thought that the pH meter had a malfunction". In fact, this is visible in Table 3 , regarding the pH mean values and dispersion of the target water samples. Target water samples presented higher pH values and higher variability during these measurements, suggesting a higher sensitivity of the electrode in those samples. Although we cannot point to any reasonable explanation for these differential changes, some authors suggest that such an increase in pH could be related to a higher level of thermodynamic free energy. 59 Statistical methods were used to analyze our results, taking into account probability and the potential for statistically significant results related to chance alone. Statistically significant changes in pH were observed on ED1 (A vs C, P ¼ .0011), ED2 (A vs B, P ¼ .0220), and ED4 (A vs C, P ¼ .0280, and B vs C, P ¼ .0017). Although the average electrical conductance of the target water samples tended to be higher than the electrical conductance of each control, those differences were not statistically significant. Nevertheless, with the exception of ED2, these changes were statistically correlated with pH changes, as follows: ED1, r ¼ .56, P ¼ .039; ED3, r ¼ .48, P ¼ .009; and ED4, r ¼ .60, P ¼ .001. On these days, an increase in pH was directly related to an increase in the electrical conductance. As shown in Table 3 , countermeasures confirmed blinded measurements and, in the majority of cases, were positively correlated, as follows: ED1, pH, r ¼ .73, P ¼ .003; ED2, electrical conductance, r ¼ .48, P ¼ .010; ED3, pH, r ¼ .45, P ¼ .015, and electrical conductance, r ¼ .42, P ¼ .022; and ED4, pH, r ¼ .43, P ¼ .019.
Although we cannot point to a direct cause for the apparent differences, we can hypothetically relate these changes with variables that were also responsive during the experiments, 60 then static magnetic fields may seem to strengthen hydrogen bonding, promoting structural coherence. [61] [62] [63] Even very small magnetic and electromagnetic fields may affect the solubility of gases in water, perturbing the gas-liquid interface and producing reactive oxygen species. 64 Changes in hydrogen bonding may also affect carbon dioxide hydration resulting in pH changes, 65 or even promote the gradual decrease of electrical resistivity. 66 We also used Raman scattering spectroscopy as a tool to assess hypothetical changes in the molecular structure of the water samples. This technique relies on the detection of inelastic scattered light with an origin on the molecular optical vibrations. The frequency and profile of Raman bands are highly specific to both molecular structure and normal vibrations of the chemical species. 67 In a standard Raman spectrum, a main double-peak can easily be found in the range of 2900 to 3700 cm À1 , known as the OH stretching band, and a smaller, broader band around 1640 cm À1 related to the OH bending mode. Usually, the mode around 3200 cm À1 is related to strongly hydrogen-bonded water molecules and the mode around 3400 cm À1 with loosely bonded ones. 68 These 2 bands are thought to reflect the dynamic microstructure of water as well as its interactions with solutes, polymers, or biological molecules. 69 The dynamic equilibrium of water involves changing proportions of different oligomers and polymer species. This cluster structuring process is sensitive to temperature, pressure, composition, magnetic and electric fields, and, as referred to by others, the "subtle energies" of biofield therapies. 70 As shown in Figure 6 , all of the Raman spectra presented the dominant bands related with the vibrational modes known as bending and stretching, and those were coincident with frequencies typically described in the literature. Nevertheless, we noticed different absolute intensities, with a higher expression in the double-peaked OH stretching band. Except on ED2, target water samples presented the highest values. On those days, the intensity followed a specific pattern described as follows, from the highest to the lowest: target water > water around target > control water. Even though the described pattern, discarding the hypothesis of polarization and changes in the concentration, shifts in absolute intensities are often related to source stability and temperature changes of the laser. Thus, to counter these limitations, we decided to evaluate the results taking into consideration the relative intensities between the 2 dominant modes of the OH stretching band.
As previously mentioned, we focused our attention on the dominant OH stretching band to evaluate any eventual change that could be related to a shift in the water structure. Peak deconvolution was performed using the Lorentzian and Gaussian functions for 2 peaks centered at 3230 cm À1 and 3440 cm À1 (an example of this procedure is shown in Figure 7 ). The Solver function was used as an optimization method to find the minimum fitting error between the set of experimental data and the proposed model. This procedure allowed us to find the optimal width aspects of both peaks within the OH stretching band.
Both models provided similar results yielding small fitting errors and high Pearson's correlation coefficients. Bands 1 and 2 for each model and sample were numerically integrated with the trapezoidal rule and the ratios were calculated and compared (Table 4) .
Although slight differences in the intensity ratios were observable on ED1, ED2, and ED3, these were not statistically significant. Nevertheless, on ED4 we found significant differences (P < .05) between the control and target water samples (deconvolution with the Lorentzian model) and between the control and both the target and around the target water samples (deconvolution with the Gaussian model).
Conclusions
In science, the results of a study often result in more questions than answers. Our findings are a good example of this statement. Although the phenomenon of intention has been studied by other researchers, the mechanisms behind the most reported outcomes are still unclear or unknown. In our work, we can go no further in the explanation of such interactions than to report that the results of the measurements and the combined analysis of the variables point to changes that were coincident with specific moments of the experimental period. Given that coincidence does not equate with causality, we can offer no conclusive explanation for the observed changes. Nonetheless, the questions regarding the effects of intention remain relevant and warrant more research.
We can also suppose that this phenomenon, if real, could hypothetically affect neighboring targets. Thus, this raises some ethical issues regarding "distant healing interventions." Considering a hypothetical scenario in which a person asks for a "distant healing intervention," we do not know if the effects could affect other persons sharing the same space who are unaware of what is going on.
The time dependence of the eventual effects is also of importance. How long are the changes measurable? Is there any proportional decreasing tendency in the changes as a function of time? Shelf-time experiments should be done to clarify this issue.
Finally, we are aware of the difficulties to reproduce the study, given that it is extremely difficult, if not impossible, to recruit the same 286 practitioners, as well as to ensure the same conditions. Moreover, this high number of participants was based on availability rather than on the knowledge of any proportional effects. Further studies must be conducted to clarify if effects are dependent on the number of practitioners, their levels of expertise, or the duration of the meditation time. 
